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Overview

__Processes affecting the ability of firn to remember climate.

MAntarctlca have significant
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* |f so, are ventilation rates and isotopic
concentrations affected?

* At a single site, is temporal environmental
variability detectable in the physical nature
of the firn?



Explanation of Symbols

1998 Traveras
2000 Traveras

Ilfl'ﬂl PFlanned traverss
30032005 Froposed fraversoes

& 4% USA, French, and Mallan cooperation
+—p Perpendicular traverses
ey Approximate boundary of Ross Sea Drainage
+Existing and planned lce cors sites

by Gordon Hamilton and Blue Spikes, University of Maine



Permeability - measured from pit and firn core samples
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QOverview

=3 Processes aTjectm'd'the ability of firn to remember climate.
. T T i T

—

_""—- — A —————. " —
—— e e, — _— i e

!;'Boes-WestAntarctlca have significant
___spatialvariability in firn properties?
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* |f so, are ventilation rates and Isotopic
concentrations affected?

* At a single site, Is temporal environmental
variability detectable in the physical nature of
the firn?



Firn density profiles show varying amounts of
scatter, but follow a similar overall profile.

Density (kg/m3)
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e'rmeabsilify profiles show very large site-to-site variation.

Permeability (*10-19 m?)
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Why large differences in permeability but not density?







~ Density reflects mass per unit of volume,
— while permeability reflects the nature of the

’d por’ SpCl .“--n- e
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Using permeability profiles may allow

——improved-interpretation of ice core records
affected by pore space processes, compared
with interpretation based on simple
densitiy/porosity.

Even a perfect description of the density
profile is not likely to tell the whole story of
a gas or reactive chemistry record.
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- “*DoesWest Antarctica have significant spatial
variability in firn properties?
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* If so, are ventilation rates and isotopic
concentrations affected?

* At a single site, Is temporal environmental
variability detectable in the physical nature of
the firn?
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Calculated ventilation velocity magnitude for short and long
surface roughness wavelengths at the two sites.

Differences In permeability leads to a factor of two difference in
interstitial flow rates.
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Will this affect the isotope ratios?




Stable oxygen isotope ratios
data from E. Steig
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While mean temperature dominates isotopic ratios,
ventilation does Increase the effective i1sotopic

diffusivity. (Neumann-\Waddington isotope model)
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~ Large spafial variability exists in the
——phy bEn_a;_ afure of the firnin West

e

-+~ High-permeability sites can double the
ventilation rates under the same wind

forcing, increasing the effective diffusivity
both for isotopes and for inert gases in
the convective zone.
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est Antarctica have S|gn|f|cant spatial
varmLty In firn properties?
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* If so, are ventilation rates and iIsotopic
concentrations affected?

* At a single site, Is temporal environmental
variability detectable in the physical nature
of the firn?
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~ Kaspari et ¢ o ied that accumulation at
is site was climate-driven rat} an feature-driven.




Background info:

Grains grow fastest in the large femperature gradients
near the surface, but do continue fo grow at slower rates
deeperin the firn. o If the climate stays the'same, the

mean-grain size of a winter layer will generally increase
with depth7¥ime.

Average Temperature Gradients in the Firn at Siple
Dome
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Site 00-1 Permeability profile

Permeability*10-10 (m?)

(..at Siple Dome, the overall permeability profile

 generally decreased with depth.)
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Mean Snow Grain Size Increase in 2000-1 Firn Core POSt-depOSitional impaCt on
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(Rick & Albert, in press)




Diffusion Is ubiquitous throughout the firn,
and varies according to microstructure
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Come hear the Courville & Albert talk at AGU:
permeability-diffusivity-microstructure for the
top 30m at a very interesting Antarctic site.



Conclusions

-dwwwal M&LLablllty in

S il es-that affect ventilation-rates and
- t‘i' ' ic diffusivities.

~__* Localclimate in the years immediately following

= “deposition creates permeability and grain size
variations that persist and affect interstitial transport.
Temporal variability is evident in the physical
characteristics of the firn.

*Variations In the permeability profile due to changing
environmental conditions affect interstitial transport
and likely impact gas diffusion throughout the
diffusive zone.
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